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1
IMAGE STABILIZER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an image shake correcting,
apparatus, and more particularly to an image shake correcting

apparatus for correcting (preventing ) shakes of images picked
up by a camera.

2. Description of the Related Art

Known image shake correcting apparatuses for use in tele-
vision cameras include one in which an anti-shake lens 1s
movably arranged 1n a photographic optical system within a
plane orthogonal to the optical axis and, when any vibration
works on the camera (the photographic optical system of the
camera), the anti-shake lens 1s driven by an actuator in a
direction to cancel that vibration to correct any image shake
that may occur. In such an 1mage shake correcting apparatus,
the vibration working on the camera 1s detected by a shake
detection sensor (angular velocity sensor, acceleration sensor
or the like), and the displacement of the anti-shake lens 1s
determined to correct the image shake on the basis of a signal
supplied from that shake detection sensor (see Japanese

Patent Application Laid-Open No. 2002-229089 {for
istance).

Incidentally, shake signals 1ssued by the shake detection
sensor may 1nclude not only signals warning against vibra-
tions to be corrected, such as accidental manual shakes but
also signals resulting from the photographer’s intentional
camera mampulation, such as panning or tilting. Therefore, 1f
the anti-shake lens 1s driven merely 1n response to a shake
signal, 1mage shake correction will be done even when the
camera 1s panned or tilted on purpose. However, unprefer-
ably, 11 1mage shake correction 1s done against panning;/tilt-
ing, an 1image shake (reactionary shake) will occur after the
panning/tilting 1s ended, 1nviting an odd feeling in the camera
operation or the 1image picked up.

In view of this problem, a way of correcting such a reac-
tionary shake 1s proposed, 1n which 1t 1s automatically judged
whether or not a shake signal 1ssued by the shake detection
sensor 1s due to panning/tilting. I1 the signal 1s judged to be
due to panning/tilting, the image shake correction 1s stopped,
the anti-shake lens 1s returned to the center of 1ts movable
range (the reference position where the displacement 1s 0) and

kept there unmoving (see Japanese Patent Application Laid-
Open No. 5-142614 for mstance).

It has to be noted that, at the end of panning/tilting, the
pertinent shake signal does not immediately fall to exactly
zero but gradually approaches zero on account of an abrupt
change 1n the angular velocity or acceleration of the camera,
a residual signal in a capacitor in the circuit or the like.
Consequently, when 1mage shake correction 1s resumed, the
anti-shake lens 1s substantially moved by this shake signal,
resulting 1n a reactionary shake of the image. Such a reaction-
ary shake makes impossible accurate and prompt framing.

As a technique to prevent such a reactionary shake, Japa-
nese Patent Application Laid-Open No. 10-213832 discloses
an optical device with an 1mage shake correcting function,
provided with gain altering means which alters the gain of the
shake output signal 1n response to the detection of the end of
panning. Incidentally, the technique disclosed 1n this Japa-
nese Patent Application Laid-Open No. 10-213832 1s to alter
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2

the gain of the shake output signal, and differs i the concept
of configuration from the present invention.

[

SUMMARY OF THE INVENTION

An object of the invention, attempted 1n view of these
circumstances, 1s to provide an 1mage shake correcting appa-
ratus which reduces any reactionary shake of the image that
may occur after the end of panning or tilting.

In order to achieve the object stated above, an 1mage shake
correcting apparatus according to a first aspect of the mven-
tion 1ncludes a shake signal output device which supplies a
shake signal corresponding to a vibration working on an
optical system; an 1mage displacing device which displaces
an 1mage formed by the optical system; and an 1image shake
correcting device which causes the 1image displacing device
to so displace the 1mage as to cancel any 1mage shake due to
the vibration working on the optical system on the basis of the
shake signal supplied by the shake signal output device, and
1s characterized by comprising a pan/tilt detecting device
which detects panning or tilting of the optical system; an
image shake correction stopping device which stops 1image
shake correction by the image shake correcting device when
the panning or tilting has been detected; a pan/tilt end detect-
ing device which detects the end of the panning or tilting; an
image shake correction restarting device which causes the
image shake correcting device to resume 1mage shake correc-
tion when the end of the panning or tilting has been detected;
and an object frequency band altering device which raises, for
a prescribed length of time after the resumption of the image
shake correction, the cutofl frequency on the low frequency
side of the frequency band covered by the image shake cor-
rection.

The image shake correcting apparatus according to the first
aspect of the imnvention can reduce any reactionary shake that
may occur when panning/tilting has ended because, when the
end of panning/tilting 1s detected, the frequency band of
shake signals to be corrected 1s altered.

An 1mage shake correcting apparatus according to a second
aspect of the invention 1s a version of the apparatus according
to the first aspect wherein the object frequency band altering
device reduces, by a prescribed value at a time at prescribed
intervals of time, the cutoil frequency on the low frequency
side of the frequency band covered by the image shake cor-
rection.

In the 1image shake correcting apparatus according to the
second aspect of the invention, at the end of panning/tilting,
the shake signal does not immediately fall to exactly zero but
gradually approaches zero on account of an abrupt change 1n
the angular velocity or acceleration of the camera, a residual
signal 1n a capacitor in the circuit or the like. Matched with
this gradual approach of the shake signal to zero, the cut-oif
frequency 1s lowered stepwise, and accordingly the DC com-
ponent of the shake signal can be appropriately cut, enabling
image shake correction to be processed 1n the right way.

As described above, since the image shake correcting
apparatus according to the invention varies the frequency
band of shake signals to be covered by image shake correction
when the end of panning/tilting has been detected, the reac-
tionary shake of the image occurring at the end of panning/
tilting can be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing the principal configu-
ration of an 1mage shake correcting apparatus, which 1s a
preferred embodiment of the present invention;
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FIG. 2 1s a graph schematically showing an angular veloc-
ity signal;

FIGS. 3A and 3B are graphs schematically showing inte-
grated outputs; and

FI1G. 4 1s a flow chart of processing to resume 1mage shake
correction at the end of panning/tilting.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

An 1mage shake correcting apparatus, which 1s a preferred
embodiment of the present invention, will be described 1n
detail below with reference to accompanying drawings.

FIG. 1 1s a block diagram showing the principal configu-
ration of an 1mage shake correcting apparatus, which 1s a
preferred embodiment of the invention. The image shake
correcting apparatus 1s mounted for instance on the lens
device (1mage pickup lens) of a television camera, a movie
camera or a still camera, and an anti-shake lens 10 shown 1n
the diagram 1s arranged, 1n the photographic optical system of
the lens device or the camera on which this apparatus 1s
mounted, to be movable both up and down (in the vertical
direction) and right and left (in the horizontal direction)
within a plane orthogonal to the optical axis. Further, the
anti-shake lens 10 1s driven vertically or horizontally by a
motor 12 and, when a vibration occurs 1n the camera (photo-
graphic optical system), 1s moved by this motor 12 to a posi-
tion where 1t can prevent image shaking (position of cancel-
ing the vibration). A vertical or horizontal movement of the
anti-shake lens 10 displaces the range of the photographic
optical system vertically or horizontally, respectively. Fur-
ther, as the anti-shake lens 10 1s similarly driven 1n both the
vertical and horizontal directions on the basis of the vibration
occurring in the respective directions, a configuration to per-
form 1mage shake correction 1n only one direction (hereinat-
ter the horizontal direction) will be described below with
respect to this embodiment, a similar configuration being
assumed for the other direction.

An angular velocity sensor 14 shown i FIG. 1 1s, for
instance, a gyro sensor, and 1s used as a shake detection sensor
for detecting a vibration of the camera. This angular velocity
sensor 14, installed on the upper face of the lens barrel,
detects the angular velocity of the horizontal vibration of the
lens barrel, and supplies an electric signal corresponding to
the detected angular velocity. The signal supplied from the
angular velocity sensor 14 will be hereinafter referred to as
the angular velocity signal.

The angular velocity signal supplied from the angular
velocity sensor 14 1s branched into two routes, and the signal
on one route, after being cleared of low frequency noise by a
high pass filter 15, 1s converted into a digital signal by an A/D
converter 16. Then this digital signal 1s givento aCPU 24. The
signal on the other route 1s converted directly, as the angular
velocity signal supplied from the angular velocity sensor 14,
1s converted into a digital signal by another A/D converter 18
and given to the CPU 24.

The photographic lens 1n this embodiment 1s variable in
zoom ratio (focal distance). A detection signal of a voltage
corresponding to 1ts set position (zooming position) 1S sup-
plied from a zooming position detector 20 and, aiter being
converted into a digital signal by an A/D converter 22, 1s given
to the CPU 24.

Whereas the processing by the CPU 24 will be described

alterwards, a positional 1nstruction signal indicating the tar-
get position of the anti-shake lens 10, namely the displace-
ment of the anti-shake lens 10 relative to the reference posi-
tion, 1s supplied from the CPU 24 to a D/A converter 26. The
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positional instruction signal supplied to the D/ A converter 26,
alter being converted into an analog voltage signal, 1s entered
into an adder 30. The reference position of the anti-shake lens
10 1s, for instance, the center of 1ts movable range (the center
of oscillation), and the signal value indicating that position 1s
supposed to be zero. It 1s to be noted that the reference
position need not be the center of oscillation, though.

As a positional signal indicating the current position of the
anti-shake lens 10, a voltage signal from a potentiometer 28
for detecting the rotational position of the motor 12 1s given to
the adder 30, and a voltage signal indicating the difference
between an instruction signal from the CPU 24 and a posi-
tional signal from the potentiometer 28 i1s generated. That
voltage signal 1s given to an amplifier (servo amplifier) 32.

The amplifier 32 amplifies the voltage signal given by the
adder 30 with a prescribed gain, and applies the amplified
signal to the motor 12. This causes the motor 12 to be so
driven as to reduce the voltage signal given by the adder 30 to
be reduced to zero, and the anti-shake lens 10 moves to a

position instructed by a positional instruction signal from the
CPU 24.

Next, the processing by the CPU 24 will be described. The
block of the CPU 24 shown 1n FIG. 1 comprises functional
blocks for different modes of processing to be accomplished
by the CPU 24, and the processing by the CPU 24 will be
described 1n terms of the different modes of processing to be
accomplished by the functional blocks.

In the CPU 24, the angular velocity signal given by the A/D
converter 16 undergoes extraction of only low-frequency
components by an integration processing unit 34. This corre-

sponds to the processing to integrated angular velocity sig-
nals.

The integration processing unit 34 can vary integration
characteristics (filter characteristic and frequency character-
1stic) by altering parameters, and 1s enabled to vary the fre-
quency characteristic (the cutoif frequency ic on the integra-
tion processing unit 34 side) by controlling the characteristics
of a pan/tilt detecting umt 38. Incidentally, the frequency
characteristic of the integration processing unit 34 may be
varied by, for instance, providing a plurality of integration
processing units having different frequency characteristics,
and switching the integration processing unit into which the
angular velocity signal 1s to be entered on the basis of the
condition described later.

A signal having passed the integration processing unit 34 1s
amplified by a gain unit 36 with a prescribed gain, and the
amplified signal 1s supplied to a D/A converter 26 as the
positional mstruction signal. To add, the gain 1n the gain unit
36 1s set to a value matching the zooming position obtained
from the zooming position detector 20.

The processing by the CPU 24 described above provides
the positional instruction signal indicating the position of the
anti-shake lens 10, namely the displacement relative to the
center of oscillation of the anti-shake lens 10 for correcting
(preventing) image shaking against the vibration working on
the camera, on the basis of the angular velocity signal given
by the A/D converter 16, and this positional instruction signal
1s supplied to the D/A converter 26.

On the other hand, the angular velocity signal given by the
A/D converter 18 1s read by the pan/tilt detecting unit 38. The
pan/tilt detecting unit 38 having read the angular velocity
signal detects the performance and end of panning/tilting on
the basis of that angular velocity signal.

FIG. 2 1s a graph schematically showing the angular veloc-
ity signal. In FIG. 2, the horizontal axis represents the time
clapsed t and the vertical axis, the angular velocity signal V.
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Point A 1n the graph 1s the starting point of panming/tilting,
and point C, the point where the end of panming/tilting 1s
detected.

For instance, when the absolute value of the angular veloc-
ity signal V obtained from the A/D converter 18 1s greater than
a prescribed threshold V1 (V<-V1, V>+V1), a value of the
threshold +V1 (or —V1) 1s supplied as in the section from
point A to point B 1n FIG. 2. The pan/tilt detecting unit 38
judges that the angular velocity signal 1s due to panning/
tilting, namely that panning/tilting has been performed.
When the absolute value of the angular velocity signal V
obtained from the A/D converter 18 falls below a prescribed
threshold V2 as at point C 1n FIG. 2 (-V2<V<+V?2) after the
detection of panning/tilting, the pan/tilt detecting unit 38
judges that the panning/tilting has ended.

As described above, when panning/tilting has been
detected by the pan/tilt detecting unit 38, processing to stop
image shake correction 1s executed. Thus, the integration
characteristics of the itegration processing unit 34 are var-
ied. Hereupon the integration processing unit 34, 11 panning/
tilting 1s detected by a filter capable of varying integration
characteristics 1n response to parameter alteration, undergoes
a variation in integration characteristics which cause the anti-
shake lens 10 to return to 1ts reference position (the center of
oscillation) and stop there. Thus, the integration characteris-
tics are so varied as to bring the value of the positional instruc-
tion signal gradually closer to 0. The itegration characteris-
tics during the execution of image shake correction are
supposed to be the normal characteristics. When the integra-
tion characteristics are to be varied from the normal integra-
tion to the different characteristics to return the anti-shake
lens 10 to its reference position, the value of the zoom posi-
tional signal given by the zooming position detector 20 1s
taken into account.

Then, 1f the end of panning/tilting 1s detected by the pan/tilt
detecting unit 38, processing to resume 1mage shake correc-
tion 1s executed. Thus, the integration characteristics of the
integration processing unit 34 are varied, and the cutodf fre-
quency Ic takes on a prescribed value 10. The value 10 here 1s
supposed to be large enough to cut the DC component con-
tained 1 angular velocity signal, attributable to any abrupt
change 1n the angular velocity or acceleration of the camera,
a residual signal 1n a capacitor 1n the circuit or the like (for
instance about 3 Hz). The pan/tilt detecting unit 38 sets the
cutoll frequency ic to the target integration characteristic
(target value 11) by reducing the frequency stepwise after the
lapse of every prescribed length of time t0 by a prescribed
value 11 at a time. The target value 11 1s, for mstance, 11=0.02
Hz.

FIGS. 3A and 3B are graphs schematically showing inte-
grated outputs. In FIGS. 3A and 3B, the horizontal axis rep-
resents the time elapsed t and the vertical axis, the integrated
output. Poimnts A and C and section D of FIGS. 3A and 3B
correspond to respectively the same points or duration of time
in FIG. 2.

As 1ndicated by section D 1n FIG. 2, after the end of pan-
ning/tilting, the angular velocity signal V does not immedi-
ately fall to exactly zero but gradually approaches zero on
account of an abrupt change 1n the angular velocity or accel-
cration of the camera, a residual signal 1n a capacitor in the
circuit or the like. Immediately after the end of panning/
tilting, as image shake correction 1s resumed and these angu-
lar velocity signals are integrated by the integration process-
ing unit 34, the integrated output abruptly rises as shown 1n
section D of F1G. 3A. As a consequence, the integrated output
may sometimes go beyond the movable range of the anti-
shake lens 10 (indicated by broken lines above and below the
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axis of time t 1n the graphs). On the other hand, as the cutoif
frequency ic of the integration processing unit 34 on the low
frequency side 1s reduced stepwise along with the approach of
the angular velocity signal in section D to zero, appropriate
image shake correction can be accomplished entailing no
abrupt rise in integrated output as shown 1n section D of FIG.
3B.

FIG. 4 1s a flow chart of processing to resume 1image shake
correction at the end of panning/tilting. First, when the end of
panning/tilting 1s detected by the pan/tilt detecting unit 38
(step S10), characteristics control by the pan/tilt detecting
unit 38 causes the cutoll frequency ic of the itegration pro-
cessing unit 34 to be set to fc=10 (for instance about 10=3 Hz)
(step S12), and 1image shake correction 1s resumed (step S14).
Next, every time a prescribed length of time t0 passes (step
S16), the value of the cutoll frequency ic 1s reduced by a
prescribed value fi at a time (step S118). The prescribed
length of time t0 here 1s about 0.2 second, and the 1nterval fi
of reducing the cutoll frequency Ic 1s about 0.5 Hz. These t0
and 11 may be variables, to be setto appropriate values accord-
ing the velocity of the angular velocity signal approaching
zero 1n section D. Then, as the value fc of the cutolf frequency
1s reduced from 3.0 Hzto 2.5Hz. .. 1.0 Hz, 0.5 Hz and finally
to 0.02 Hz at about 0.2-second intervals and set to the target 11
(for mstance 0.02 Hz) (step S20), normal image shake cor-
rection 1s resumed.

Though skipped in the description of this embodiment,
angular velocity signals regarding the horizontal and vertical
directions are obtained from separate angular velocity sen-
sors. The start and end of panning are detected from the signal
of angular velocity in the horizontal direction, and those of
tilting, from the signal of angular velocity in the vertical
direction.

While the foregoing description of the embodiment
referred to prevention of image shaking with an anti-shake
lens displaced within a plane orthogonal to the optical axis of
the photographic optical system, the invention can be applied
to 1mage shake correcting apparatuses of some other systems
as well. For instance, the invention can also be applied to an
clectrical image stabilizer by which the range of cutting out
image signals from an image pickup element 1s shifted to
correct image shakes.

Further, whether or not a shake 1s due to panning/tilting 1s
judged according to whether or not the angular velocity signal
has surpassed a prescribed value, the judgment can as well be
made according to some other criterion. The same 1s true of
the detection of the end of panning/tilting.

The mvention can also be applied to image shake correc-
tion elsewhere than in television cameras.

What 1s claimed 1is:

1. An image shake correcting apparatus including:

a shake signal output device which supplies a shake signal
corresponding to a vibration working on an optical sys-
tem,;

an 1mage displacing device which displaces an 1mage
formed by said optical system:;

and an 1mage shake correcting device which causes said
image displacing device to so displace said 1image as to
cancel any image shake due to the vibration working on
said optical system on the basis of the shake signal
supplied by said shake signal output device, the appara-
tus comprising:

a pan/tilt detecting device which detects panning or tilting,
of said optical system;

an 1mage shake correction stopping device which stops
image shake correction by said image shake correcting
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device when said panning or tilting has been detected
based upon detection of the degree of vibration of the
optical system:;

a pan/tilt end detecting device which detects the end of said
panning or tilting; an 1image shake correction restarting
device which causes said image shake correcting device
to resume 1mage shake correction when the end of said
panning or tilting has been detected; and

an object frequency band altering device which raises, for

a prescribed length of time after resumption of said 10

image shake correction, a cutoil frequency on the low
frequency side of the frequency band covered by said
image shake correction.

2. The image shake correcting apparatus according to
claim 1, wherein said object frequency band altering device
reduces, by a prescribed value at a time at prescribed intervals
of time, a cutoil frequency on the low frequency side of the
frequency band covered by said image shake correction.

3. A method of correcting for 1image shake in an optical
system comprising:

detecting panning or tilting of said optical system,

stopping 1mage shake correction by an image shake cor-

rection device when panning or tilting has been detected
based upon detection of the degree of vibration of the
optical system,

5
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detecting the end of said panning or tilting,

restarting 1mage shake correction when the end of said

panning or tilting 1s detected, and

raising the cutoil frequency on the low frequency side of

the frequency band covered by said image shake correc-
tion for a prescribed length of time after the resumption
of said image shake correction.

4. The mmage shake correcting apparatus according to
claim 1, wherein, 1n the pan/tilt detecting device, when an
absolute value of an angular velocity signal 1s greater than a
first threshold, 1t 1s judged that the panning or tilting has been
performed and when an absolute value of an angular velocity
signal after the detection of panning or tilting fails below a
second threshold, 1t 1s judged that the panning or tilting has
ended.

5. A method of correcting for image shake 1 an optical
system according to claim 3, wherein, in the step of detecting
the end of said panning or tilting, when an absolute value of an
angular velocity signal 1s greater than a first threshold, 1t 1s

20 judged that the panning or tilting has been performed and

when an absolute value of an angular velocity signal after the
detection of panning or tilting falls below a second threshold,
it 1s judged that the panning or tilting has ended.

G o e = x
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